Abstract. We present the results of the pilot observations of the Deep Extragalactic VLBI-Optical Survey (DEVOS). Our ultimate aim is to collect information on compact structures in a large sample of extragalactic radio sources (∼ 10 4 objects) up to two orders of magnitude fainter than those studied in typical imaging Very Long Baseline Interferometry (VLBI) surveys up until now. This would lead to an unprecedented data base for various astrophysical, astrometric and cosmological studies. The first global VLBI observations of the DEVOS programme were successfully conducted in May 2002. We selected sources without any spectral criterion from the Very Large Array (VLA) Faint Images of the Radio Sky at Twenty-centimeters (FIRST) catalogue, that are also detected with the Multi-Element Radio Linked Interferometer Network (MERLIN). The DEVOS pilot sample sources are in the area of the sky that is covered by the Sloan Digital Sky Survey (SDSS). We describe the sample selection and present high resolution 5-GHz radio images of the sources. Based on the results of this pilot study, we estimate the outcome of and the resources needed for a full-scale DEVOS project.
Introduction
Very Long Baseline Interferometry (VLBI) imaging surveys provide data -milli-arcsecond (mas) resolution images -for large samples of extragalactic radio sources, thus enabling studies of the nature of physical phenomena in the close vicinity of the central engine in active galactic nuclei (AGNs). Completed and ongoing VLBI surveys are reviewed by Gurvits (2002) .
Until recently, large-scale VLBI surveys at GHz frequencies were usually targeted, and the samples are flux density limited at S total > ≃ 100 mJy. The surveys often apply spectral selection criteria to observe mostly flatspectrum radio sources (e.g. Beasley et al. 2002 , Scott et al. 2004 . These samples are therefore dominated by relatively nearby (z < ≃ 1) luminous AGNs. Novel approachesaiming at the fainter radio source population -like phasereference imaging around strong calibrator sources, and deep wide-field imaging in particular, are summarised by Garrett et al. (2005b) .
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In order to reach conclusive results on the intrinsic properties of sources as well as possible imprints of cosmological models in the source structures, one has to match in luminosity sources detected and imaged with VLBI at low redshift (e.g. z < 0.2) with those at high redshift (z > 1). This requires VLBI study of z > 1 sources of luminosities 10 23 −10 25 W Hz −1 , corresponding to mJy-level flux densities. This work can be carried out with sensitive VLBI arrays (lower noise, larger apertures, broader bands, higher stability of the signal paths) using innovative observing techniques. It now seems feasible to increase the total number of VLBI-imaged extragalactic sources to at least ∼ 10 4 .
The applications of data from VLBI surveys include astrophysical and cosmological studies of powerful compact radio sources. In order to place the objects in the cosmological context, redshift measurements are also required. With the advent of large optical surveys (e.g. the Sloan Digital Sky Survey, SDSS, Abazajian et al. 2003 Abazajian et al. , 2004 ; the 2dF Survey, Croom et al. 2004 ), the problem of missing optical identifications (morphological type, redshift) will be partly eliminated within the next couple of years. We can match the sky coverage of optical and VLBI surveys by selecting sources for VLBI observations from celestial areas covered by the optical surveys.
It is hard to predict in detail what kind of scientific insight will become possible with such a dramatic increase in the number of VLBI-imaged sources. One can briefly mention a few possible applications:
-The cosmological evolution of radio-loud active galaxy population could be studied with the data base in the light of orientation-dependent unification models of powerful radio sources (cf. Wall & Jackson 1997) . Note that we do not introduce initial sample selection criteria based on source spectral index (see Sect. 2). -Morphological classification of low-luminosity sources could be compared with that of their high-luminosity counterparts, in view of possible evolutionary effects. -The arcsecond-scale and high-resolution radio morphology of the sources could be investigated to look for signatures of restarted activity in AGNs (e.g. Marecki 2004 ). -Sub-samples of less powerful radio sources, e.g.
Compact Steep Spectrum (CSS) objects could be selected and studied to determine their morphological, physical and evolutionary properties compared to the well-studied powerful objects (e.g. Kunert et al. 2002 ). -The data base would be useful to study gravitational lensing since the survey of weak compact radio sources probes the parent population of lensed objects being found in e.g. the Cosmic Lens All-Sky Survey (CLASS) of ∼ 10 4 weak flat-spectrum sources (e.g. Myers et al. 2003 ).
-Several thousand mas-scale images of optically identified extragalactic sources with known redshifts are needed to bring about conclusive estimates of fundamental cosmological parameters, such as the density parameters Ω m and Ω Λ (Gurvits 2003 and references therein; Jackson 2004) . As shown by Gurvits (1994) , such a cosmological test could be conducted with a very limited VLBI (u, v)-coverage using visibility data, and does not require high dynamic range imaging. -Getting VLBI images of ∼ 10 4 extragalactic sources will be an essential supplement to and basis for future development of the astrometric VLBI data bases (e.g. Johnston et al. 1995 . The sensitive next-generation space-borne optical astrometry missions (e.g. Gaia, Perryman et al. 2001) would provide a possibility to directly link the radio and optical reference frames using a large number of AGNs observed also with VLBI.
-Some of the sources detected can serve as in-beam phase-reference calibrators for future VLBI observations (Garrett et al. 2005a ). These observations need accurate positions of the sources which can be provided by the DEVOS programme.
In this paper we present Multi-Element Radio Linked Interferomerer Network (MERLIN) and global VLBI imaging results at 5 GHz of a sample of 47 radio sources initially selected from the Faint Images of the Radio Sky at Twenty-centimeters (FIRST) survey (White et al. 1997) . By means of this pilot study we assess the feasibility of this approach to eventually image thousands of faint radio sources at mas resolution.
The target selection and the observations are described in Sect. 2. The data reduction procedures are presented in Sect. 3. The results are shown and discussed in Sect. 4. A summary and discussion of future observations are given in Sect. 5. The MERLIN and VLBI images with the image parameters are presented in the online version of this paper only.
Sample selection and observations
The aim of DEVOS programme is to obtain highresolution radio images of compact radio sources considerably weaker than currently available in other large-scale imaging VLBI surveys. The technique of phase-referencing (e.g. Lestrade et al. 1990; Beasley & Conway 1995) is employed in order to extend the coherence time by using regularly interleaving observations of a nearby bright and compact calibrator source. Phase-referencing can be applied for surveying a number of faint objects in the vicinity of an adequately chosen reference source. In this case we reverse the usual logic of first selecting the target object and then looking for a suitable reference source. If a calibrator is selected first, and the potential targets populate its close vicinity densely enough, then a single calibrator can serve as phase-reference source for all of the targets. The different target sources are observed between the regular intervals spent on the reference source. Each target source is observed several times during the experiment which improves the (u, v)-coverage and hence the image quality. The method we applied for our observations was introduced and demonstrated first by Garrett et al. (1998) and Garrington et al. (1999) . Wrobel et al. (2005) also used this method for investigating parsec-scale radio properties of about 200 faint FIRST sources. Potential calibrator sources are relatively common and well distributed (e.g. Beasley et al. 2002) , therefore practically the whole sky north of −30
• declination can be surveyed using this method.
Another aim of our survey is to ensure that many of the sources will have optical identifications and redshifts. In particular, this can be achieved if the sources are selected from the fields that are being surveyed in the SDSS. According to recent studies (Ivezić et al. 2002) , optical counterparts of at least 30% of all FIRST radio sources are expected to be identified by SDSS. The SDSS-FIRST catalogue is expected to contain spectra for ∼15 000 quasars.
The source sample for the DEVOS pilot observations described here was defined in 2000, preceding any of the SDSS data releases. The bright flat-spectrum radio-loud AGN J1257+3229 was selected as calibrator, keeping the potential survey areas of SDSS in mind. Optical imaging data of the celestial area surrounding the calibrator J1257+3229 have recently become available in the latest SDSS Data Release 1 . The phase-reference calibrator with a total flux density of 530 mJy at 5 GHz is close to the North Galactic Pole (NGP). The object is also known as an X-ray source identified in the ROSAT All-Sky Survey (Brinkmann et al. 1997) . Its equatorial coordinates in the International Celestial Reference Frame (ICRF) are given in the VLBA Calibrator Survey 2 (Beasley et al. 2002) : right ascension α = 12 h 57 m 57. s 231863, declination δ = +32
• 29 ′ 29. ′′ 32604. The accuracy is 0.5 mas in both α and δ.
Due to the limited observing resources, we selected sources that are bright and compact enough that they might be detectable with VLBI at high angular resolution, within a reasonable integration time. Note that no criterion was set based on the spectra: radio sources with either steep or flat spectra could be selected as well. The extragalactic radio sources for the DEVOS pilot project described here were chosen from the FIRST survey data base obtained with the US National Radio Astronomy Observatory (NRAO) Very Large Array (VLA) at the frequency of 1.4 GHz (White et al. 1997) , according to the following selection criteria:
1. the integrated flux density at 1.4 GHz is S 1.4 > 30 mJy, 2. the angular size of the source is θ < 5 ′′ (i.e. unresolved with the VLA in the FIRST), 3. the angular separation of the target source from the phase-reference calibrator source selected is less than 2 • .
47 sources match the first two criteria from the 1042 FIRST sources found within the search radius. The sources potentially suitable for subsequent VLBI imaging were chosen based on 5-GHz MERLIN detections of the sample at an angular resolution of ∼ 50 mas. The sources detected with MERLIN were then observed with VLBI. This subsample was imaged at 5 GHz with a global VLBI network at 1 − 3 mas resolution.
MERLIN filter observations and data reduction
After selecting the reference source and the targets, we imaged the sample at an intermediate angular resolution with MERLIN. The primary goal of the MERLIN observations was to optimise the subsequent VLBI observations: to identify the objects that may be suitable for the highest angular resolution (∼ 1 mas) imaging, and to improve the astrometric source positions. The NGP field was observed with MERLIN at 5 GHz with 14 MHz bandwidth in dual circular polarisation on 24-28 March 2001. The total observing time was 29.8 hours. Each target source was observed 6 times in 4.5-min scans between 2-min intervals spent on the phase-reference calibrator, including antenna slewing. The resulting image angular resolution was ∼ 50 mas. The data were calibrated with the NRAO AIPS package (e.g. Diamond 1995) and imaged with AIPS and the Caltech Difmap package (Shepherd et al. 1994) . A large (5 ′ × 5 ′ ) field of view was investigated in each case to look for distant source components. In the NGP field, 37 out of the total 47 sources have been detected with MERLIN and proposed later for VLBI observations (Table 1) . For all of these objects, the MERLIN image peak brightness exceeded ∼ 2 mJy/beam (3σ). The ten sources from the originally defined NGP sample that were not detected with MERLIN are listed in Table 2 , along with their FIRST integrated flux density at 1.4 GHz and the upper limit of their MERLIN peak brightness at 5 GHz. These sources appeared completely resolved at ∼ 50 mas angular scale.
VLBI observations
The 5 • ′ ′′ ) (the accuracy of the improved coordinates for the MERLIN-only and VLBI detections is different; see the text for the details); Col. 4 -FIRST integrated flux density at 1.4 GHz (mJy); Col. 5 -GB6 total flux density at 5 GHz (mJy) (Gregory et al. 1996) , a,b mark double sources unresolved in GB6 (see also Table 2 ); Col. 6 -MERLIN peak brightness at 5 GHz (mJy/beam); the MERLIN image is displayed in Fig. 3 (#) , Fig. 4 (@) or Fig. 5 (&) ; Col. 7 -MERLIN integrated flux density at 5 GHz (mJy); Col. 8 -VLBI peak brightness at 5 GHz (mJy/beam), an upper limit is given for VLBI non-detections; the VLBI image is displayed in Fig. 3 (#) or Fig. 4 (@) ; Col. 9 -VLBI integrated flux density at 5 GHz (mJy), marginal VLBI detections are indicated with a "−" sign. Col. 10 -optical identifications of the sources: SDSS DR4 (S) and APM (A), McMahon et al. (2002) .
Each programme source was observed in 10 scans of 2.5 min duration. Taking the slewing times of the antennas into account, it corresponds to 20 min accumulated observing time per source. The estimated image thermal noise (1σ) was ∼ 100 µJy/beam.
In each 6-min observing cycle, two programme sources were observed, chosen with the minimum angular distance between them. The reference source was observed for 1 min per cycle. An example of a (u, v)-coverage for a program source is shown in Fig. 1 . The typical restoring beam using natural weighting is ∼ 1 mas × 3 mas in a position angle (PA) of −16
• .
VLBI data processing and imaging
The correlation took place at the EVN MkIV Data Processor at the Joint Institute for VLBI in Europe (JIVE) in Dwingeloo (The Netherlands). The NRAO (Gregory et al. 1996) , a,c mark double sources unresolved in GB6 (see also AIPS package was used for the initial data calibration. The reference source J1257+3229 was imaged first (Fig. 2) . The residual amplitude and phase corrections resulted from the hybrid mapping of J1257+3229 were applied to the target sources. No amplitude self-calibration was attempted after this point except in the cases of the two brightest target sources (J125240.2+331058 and J130129.1+333700). The original field of view of VLBI images limited by time-smearing was 4.
′′ 6.
Initially, all programme sources were imaged and investigated individually. Difmap and AIPS packages were used for imaging. For the sources brighter than ∼ 15 mJy/beam, phase self-calibration was performed. For the rest of the sources, the images are the results of a CLEANing process only. For phase self-calibration, we used a simple initial brightness distribution model, the CLEAN model of the phase-reference image for each source, with a 3-min solution interval. The information on the target source positions relative to the reference source is preserved this way. We carried out tests on the reliability of the imaging by means of comparing the results obtained with both packages. In Difmap, we do not have full control over the self-calibration process in a sense that one cannot set a signal-to-noise ratio (SNR) threshold for the solutions to be accepted or dismissed. In AIPS, we were able to set SNR≥ 5 and apply phase self-calibration only if most of the solutions were good. Our experience showed that the images made using both packages this way were equivalent.
With the ultimate aim of observing and imaging thousands of radio sources in the full DEVOS, an automated (fast and objective) procedure to prepare the VLBI images is needed. Relatively simple scripts have been written and tested for this purpose using Difmap. We then compared the images prepared "manually" and reproduced in this paper with those obtained by the automated proce- • . The coordinates are relative to the brightness peak. The Gaussian restoring beam is indicated with an ellipse in the lower-left corner.
dure. It turned out that the same sources were detected, with qualitatively identical mas-scale structures. The peak brightness and image noise values were also consistent. The differences in peak brightnesses were typically less than ±10%.
Results and discussion
The sample of 37 MERLIN-detected sources observed with VLBI is given in Table 1 . Among them, a total of 19 sources were detected and imaged with VLBI. Natural weighting of the visibility data was used to maximise the sensitivity. The MERLIN and VLBI images of 12 sources are shown in Fig. 3 . The images of the complex structure of one more source, J125954.0+335653 are shown in Fig. 4 . The detailed image parameters are given in Table 4 . Additionally, there were 6 marginal VLBI detections located at the MERLIN position within the MERLIN source structure. These cases are indicated with "−" in Col. 9 of Table 1 . For these sources, only the dirty images were investigated but not reproduced in this paper since they all show simple featureless low-brightness structure. For the rest of the VLBI-observed sources, the upper limits of the peak brightness corresponding to the 3σ image noise are shown in Table 1 .
The majority (17 out of 24) of the sources not detected or marginally detected with VLBI appeared compact and unresolved with MERLIN. The images of these sources are not shown here but the MERLIN peak brightness values are reported in Table 1 . However, 7 of the 24 sources exhibit significantly resolved structure at the MERLIN angular scales (Fig. 5) .
In Tables 1 and 2 , we also list the 5-GHz total flux densities taken from the GB6 catalogue (Gregory et al. 1996) . The radio spectral properties of the sources can be inferred from comparing these data with the FIRST flux densities. However, a large fraction of the sources in our sample is not found in GB6: their 5-GHz total flux densities are lower than the 18-mJy detection threshold there. Since our survey is more sensitive, five of these objects have been detected even with VLBI, with integrated flux densities up to 13.6 mJy. The GB6 data would have limited potential in constraining our initial sample.
We looked for close companions of our sources selected as unresolved in FIRST. It turned out that many of the objects that we resolved, 8 among the 10 sources not detected with MERLIN (Table 2) , have a companion within ∼ 1 ′ in the FIRST catalogue. These pairs of sources are most likely physically associated, although chance coincidences in about half of the cases are also possible at around 1 ′ angular separation (cf. McMahon et al. 2002) . There are 14 such "double" sources in the DEVOS NGP sample, and only one of them was -marginally -detected with VLBI (J125734.2+335801). However, a compact source in a FIRST "triple" (J125240.2+331058) is a strong VLBI detection. We shall investigate whether the initial sample selection could be usefully constrained by excluding the components of "double" FIRST sources in the future.
The distribution of MERLIN and VLBI peak brightnesses are shown in Fig. 6 . Based on their peak brightness, the 19 sources detected with VLBI can be grouped as follows:
-2 bright objects (S peak ∼75 and 123 mJy/beam) -3 objects with S peak ∼ 10 − 20 mJy/beam -8 objects with S peak ∼ 1 − 8 mJy/beam -6 objects marginally detected with ∼ 1 mJy/beam peak brightness (∼ 4σ, with possibly extended structures resolved with VLBI) and co-located within the MERLIN source structure.
In certain cases the image noise achieved is higher than the thermal noise expected (see Col. 4 of Table 4 ). The dynamic range may be limited by residual phasereferencing errors introduced by the switching technique. Direct fringe-fitting was attempted for four target sources brighter than ∼ 15 mJy/beam in order to estimate the coherence loss in the phase-referencing process by comparing the images obtained in both ways. The differences of peak brightnesses ranged from 5 to 25%. Therefore the 3σ threshold for the VLBI non-detections was multiplied by a factor of 1.25 in Col. 8 of Table 1 to account for this effect.
We note that we were able to image the faintest source (J130311.8+320739) in our initial FIRST sample. The object shows a compact radio structure with 10-mJy level flux density at 5 GHz. The detections are apparently not affected by the angular distance of the target sources from the phase-reference calibrator ( Fig. 7 and 8 ). For example, the object J124833.1+323207 is located at the very edge of the 2
• -radius circle around the reference source. It was detected with a peak brightness of 5.2 mJy/beam. The VLBI detection rate is not significantly different for small and large target-reference separations (Fig. 8) . We also note that for 2 VLBI-detected sources (J125755.7+313915 and J130114.5+313254) the deconvolved FIRST angular sizes are ∼ 5 ′′ (4.91 ′′ and 4.85 ′′ , respectively). The improved VLBI coordinates of the brightness peak locations for the sources detected with MERLIN and VLBI are given in Table 1 . The source names are derived from these coordinates according to the IAU convention.
The formal positional accuracy is proportional to the angular resolution of the array and scales inversely with the signal-to-noise ratio, i.e. the source strength (e.g. Lestrade et al. 1990 ). For the MERLIN-only detections, the accuracy estimated is 9 mas (3σ, for the weakest sources) or better in both α and δ. For sources clearly detected with VLBI (those with integrated VLBI flux densities cited in Col. 9 of Table 1), the coordinates relative to those of the phase-reference calibrator source are accurate to 0.2 mas in α and 0.4 mas in δ. These are conservative estimates calculated for weak sources and assuming relatively large target-reference source separations. The relative astrometric position errors of the target sources in phase-referencing observations are known to depend on their angular separation from the calibrator. Chatterjee et al. (2004) give an estimate of this effect by comparing measured and modelled pulsar positions. Their results indicate that the astrometric errors are within 0.5 mas at 5 GHz frequency even at 2
• separation, the limit we used in our experiment. Our estimates are consistent with the results of Chatterjee et al. (2004) . Taking the accuracy of the phase-reference calibrator coordinates into account, the absolute ICRF positions of the VLBI-detected DEVOS sources are accurate to at least 0.6 mas and 0.7 mas in α and δ, respectively. For marginal VLBI detections, these absolute accuracies are ∼ 1 mas.
Although the number of observed and detected sources in our pilot experiment is rather small, it is still possible to get an idea for the VLBI detection rate of FIRST-based source samples selected using similar critera to those employed here. Taking the results of Garrington et al. (1999) and Wrobel et al. (2005) into account as well, a VLBI detection rate of up to 40% is expected.
Most recently, Porcas et al. (2004) conducted a survey of ∼ 1000 FIRST radio sources at 1.4 GHz with a single highly sensitive VLBI baseline between Arecibo and Effelsberg. They found that about one third of all sources had detectable compact structure at the mJy level. This ratio holds for the weakest (∼ 1 mJy) sources as well, and is essentially independent from the source total flux density.
A deep wide-field VLBI survey was conducted by Garrett et al. (2005a) at 1.4 GHz with the VLBA and the 100-m Green Bank Telescope. Sixty-one mJy and sub-mJy-level radio sources previously imaged with the Westerbork Synthesis Radio Telescope (WSRT) at arcsecond scales were observed simultaneously. A total of 9 sources were detected with VLBI, with 1σ image noise ranging from 9 to 55 µJy/beam. The detection rate is 29% for the mJy WSRT sources, giving a lower limit for the fraction of the objects that are powered by accretion process onto massive black holes. This detection rate is consistent with our result.
Notes on individual sources
The VLBI images of the sample sources reveal a large variety of radio morphologies, ranging from those typical for compact AGNs through "classical" core-jet structures to highly resolved sources. Cross-identification of the DEVOS pilot sample objects using imaging data from the SDSS revealed optical counterparts of 16 sources of the total 47 (34%). Details are given in Tables 1 and  3 . All of the optically identified radio sources were detected with MERLIN and 11 also with VLBI (including 2 marginal detections). All the 6 sources that appear pointlike in the SDSS images were detected with VLBI and thus are among the most compact objects in the radio as well. These quasi-stellar objects would be classified by spectroscopic data conclusively. Eight optical counterparts within 5
′′ of our 19 VLBI-detected sources were found in the catalogue of Automatic Plate Measuring (APM) identifications using the Palomar Observatory Sky Survey (POSS) first-epoch red and/or blue plates (McMahon et al. 2002, see Col. 10 of Table 1 ). Moreover, 3 out of our 18 MERLIN-only detections (also Col. 10 of Table 1 ) and 3 out of 10 MERLIN non-detections also have APM counterparts (Col. 5 of Table 2 ). Here we briefly comment on sources that have interesting observational properties or additional information available from the literature.
J125240.2+331058 The FIRST image shows a threecomponent radio structure. We were able to image with VLBI the central compact object that lies between two diffuse low-brightness lobes ∼ 1 ′ apart from each other. J125858.6+325738 Based on the structural pattern, this source might be a compact symmetric object (CSO, cf. Taylor et al. 2000) .
J125954.0+335653 This galaxy is the strongest source at 1.4 GHz in the DEVOS NGP sample. A redshift of z = 0.63 was measured by Allington-Smith et al. (1985) . It was resolved by MERLIN into a double-lobe radio structure. We could detect both components separated by ∼ 240 mas with VLBI, although heavily resolved (Fig. 4) . This corresponds to a projected linear extent of ∼ 1.6 kpc, assuming a flat cosmological model with Ω m = 0.3, Ω Λ = 0.7 and H 0 = 70 km s −1 Mpc −1 . Based on the steep spectrum (radio spectral index −0.6) and the small size, the object can be identified as a CSS source. Its 5-GHz rest-frame radio luminosity is 4.2 × 10 26 W Hz −1 . J130121.4+340030 The VLBI image of this quasar (also known as 5C 12.165) at a redshift of z = 1.970 (Barkhouse & Hall 2001) shows a typical one-sided corejet structure.
J130129.1+333700 The integrated 5-GHz flux density of this source measured in our MERLIN experiment was 62.8 mJy in March 2001. About a year later (in May 2002), a flux density of 127.0 mJy was determined with VLBI. This indicates significant flux density variability, consistent with the compact radio structure. Note that -according to what is expected in the absence of variability -none of the other sources showed VLBI peak brightness higher than the MERLIN value (Fig. 6) .
Summary and future outlook
The primary goal of the DEVOS pilot project was to verify and adjust sample selection criteria, observing strategies and data reduction procedures before the full survey has started. Here we presented MERLIN and global VLBI observations of a sample of 47 radio sources selected from the FIRST survey with S 1.4 > 30 mJy and θ < 5 ′′ , within 2
• separation from the phase-reference calibrator source J1257+3229. We detected 37 sources at 5 GHz with MERLIN observations at a peak brightness of at least ∼ 2 mJy/beam, filtering out extended radio structures not detected with MERLIN. Subsequent 5-GHz observations with the global VLBI network revealed that 19 of the sources are stronger than ∼ 1 mJy at an angular resolution of ∼ 1 mas. The MERLIN images of 20 and VLBI images of 13 sources are presented. We were able to identify 34% of the pilot source sample with SDSS-detected sources. All of these sources were detected with MERLIN and 11 with VLBI. All sources with unresolved optical structure were detected with VLBI.
With the typically 0.3 − 0.7 mJy/beam (3σ) VLBI image noise achieved, we could determine the mas-scale brightness distribution of sources with rest-frame brightness temperatures of at least ∼ 5 × 10 6 K. Hence the objects detected are likely to be powered by AGN rather than starburst activity (e.g. Condon 1992 ). In DEVOS, we are probing the same AGN population, but one or two orders of magnitude fainter than traditionally surveyed with imaging VLBI. The results of this pilot study can already be valuable in their own right since there are a couple of individual sources that may be worth studying further (e.g. J125858.6+325738 and J130129.1+333700).
With the current observational setup in VLBI, the total time spent on the sources (20 min) is sufficient to detect and image the compact objects with a peak brightness of at least ∼1 mJy/beam. The phase-referencing technique in the "nodding style" was successful: the 6-min long observing cycles involving scans on two different target sources between the calibrator scans proved adequate at 5 GHz.
Tools are available for efficient data reduction in a highly automated way for the full survey. In this pilot project, we used relatively simple Difmap scripts which were tested with our MERLIN and VLBI data. The results were carefully compared with manually prepared AIPS and Difmap images. We also aim at developing an AIPS pipeline procedure for calibration and data reduction in the future such as e.g. the EVN pipeline (Reynolds et al. 2002) .
Potential phase-reference calibrator sources are well distributed in the sky, thus practically any celestial area north of −30
• declination can be covered in DEVOS. Emphasis should be made on the areas subject to deep optical surveys in order to supplement the data base with optical identifications and redshift data. Due to the nature of the phase-referencing observations, high-quality images of the calibrator sources are obtained, which could be considered as valuable by-products on otherwise scientifically interesting bright radio-loud AGNs.
We found that the sources that appear associated with a nearby object in the FIRST catalogue have a relatively low chance for being detected at sub-arcsecond angular scales. In our MERLIN observations, there were 11 objects with 5-GHz peak brightness between 2 and 4 mJy/beam. Only one of them was marginally detected later with VLBI (J125734.2+335801). Therefore if a higher threshold of 4 mJy/beam is set as a criterion for inclusion in the subsample observed with VLBI with this setup, 18 of the 26 objects would have been detected, giving a considerably higher success rate. Since the DEVOS is a very demanding project in terms of network resources, the high detection rate is of special importance.
If more stringent filtering criteria are applied, the number of sources in a field around a given phase-reference calibrator could possibly be increased by allowing somewhat larger (e.g. 2.
• 5) maximum target-reference angular separation. This would allow us to image about the same number of sources per VLBI experiment. Another possibility to enlarge the initial FIRST sample is to set a lower limit on the integrated 1.4-GHz flux density, e.g. 20 mJy.
With a detection rate of ∼ 40%, VLBI imaging of 10 000 objects implies 25 000 sources in the parent FIRSTbased sample to be observed with MERLIN. The full SDSS-FIRST spectroscopic quasar sample will contain ∼ 15000 objects (Ivezić et al. 2002) . Our experience shows that a significant fraction of these is expected to have compact radio structure and could be detected with VLBI. With the technical capabilities available for the pilot experiment presented here, such a full survey would require approximately 600 days of MERLIN and 450 days of VLBI time. The latter could be decreased to 300 days if the more stringent value of 4 mJy/beam is used for the limiting MERLIN peak brigthness.
However, the e-MERLIN development ) planned to be completed by 2007 will lead to a substantial (a factor of 35) increase in the sensitivity at 5 GHz, significantly reducing the observing time required for DEVOS. With real-time eVLBI now in an experimental phase at the EVN (Szomoru et al. 2004 ), it may also be possible in the near future to perform preliminary source filtering observations using data taken on the shortest EVN baselines in real time, thus further decreasing the demand on VLBI resources.
With the perspective of further developments in the VLBI technique (disk-based recording, eVLBI, e.g. van Langevelde et al. 2004 and references therein; Garrett 2005) , a survey like DEVOS would require much less telescope resources than at present. Conservatively assuming 1 Gbit s −1 data recording rate -most likely an underestimate by a factor of a few at the EVN in ten years time -, phase-referenced imaging of ∼ 10 4 sources providing the same image noise as in this pilot study would take about 75 days total observing time.
The next logical phase of programmes like DEVOS is to employ the wide-field technique to survey the µJy radio source population at mas angular resolution. Deep wide-field VLBI observations have already been conducted reaching the 1σ rms image noise of 9 µJy/beam (Garrett et al. 2005a) . Even though observations of this kind are currently very demanding in terms of correlator capacity and data analysis resources, they open up the perspective of studying the faint active galaxy population at the earliest cosmological epochs and help understanding their formation and evolution. DEVOS can provide calibrator sources for these observations with accurate positions necessary to anchor the surveyed fields to the ICRF.
With the advent of the Square Kilometre Array (SKA), and using this sensitive instrument in a high-resolution configuration as part of a VLBI network, a much deeper DEVOS-like survey would become technically feasible (Gurvits 2004) .
After completing this pilot study, we intend to initiate further VLBI and target-finding filter observations in the framework of DEVOS. We already observed 42 FIRSTbased sources with MERLIN at 5 GHz in a field close to the celestial equator around the phase-reference calibrator quasar J1549+0237 (Mosoni et al. 2002) . A total of 30 sources have been selected for future VLBI observations. Table 4 . The positive contour levels increase by a factor of 2. The coordinates are relative to the VLBI brightness peak for which the absolute coordinates are given in Table 1 . The restoring beam is indicated with an ellipse in the lower-left corner. The two panels in the bottom show an expanded view of the two brightest VLBI components. The peak brightness of the secondary (eastern) component (bottom left) is 3.9 mJy/beam. 
